Section Sideritis is an extremely diversified group which is formed mainly by species growing at low altitude. The group of high altitude taxa of this section is polyphyletic and has been taxonomically divided in different subsections in which these taxa appear normally associated with low-lying planitiary ones, the latter being the probable ancestors. The subsections comprising high altitude taxa are: subsect. Gymnocarpae, subsect. Fruticulosae; subsect. Hyssopifoliae, subsect. Luridae; subsect. Borgiae and subsect. Aranensis. Most of the high altitude taxa of section Sideritis are endemics with small distribution areas; they are incompletely known and threatened with extinction. The upper altitude limit of this section is attained at over 3000 m in Sierra Nevada (Spain) by Sideritis glacialis Boiss., which has been included in subsect. Fruticulosae Obón and D. Rivera. The taxonomy of this complex group of high altitude endemic taxa of Sideritis subsection Fruticulosae is discussed on the basis of macromorphological and micro-morphological characters. These are used in identification keys and for analysis of dissimilarity. The different habitats, allied species and plant communities are described. The following taxa are recognized: Sideritis glacialis subsp. glacialis, S. glacialis subsp. vestita, S. glacialis subsp. virens and S. glacialis subsp. fontquerii.
Historical background
The shepherds of the Spanish Sierra Nevada were well acquainted with the 'samarrilla blanca' a long time before botanists reached the area. This common name was recorded by Boissier (1841) as being used for Sideritis glacialis, although González-Tejero (1992) recently recorded 'zahareña' for the same species. This group of montane taxa remained unknown to science until the exploration of the Spanish mountains during the nineteenth century. Sideritis glacialis was found by Edmond Boissier during his first voyage in Spain in August 1837; he collected it in several localities in the Sierra Nevada (Loma del Panderón) and Sierra de Tejeda and the specimens are kept in the Boissier Herbarium in Geneva (G-BOISS). In our opinion the collections of Boissier were mixed gatherings, with specimens of three different subspecies (according to Boissier, 1841) : subsp. virens, subsp. glacialis and subsp. vestita. However, at G-BOISS only intermediate specimens of the type subspecies are extant. The lectotype chosen by Burdet, Charpin & Jacquemoud (1987) attached the name to the cushion-shaped variants of the species, which appear almost silvery because of their abundant covering of long hairs. It could seem that the choice of lectotype made by Burdet, Charpin & Jacquemoud (1987) was not appropriate, because Boissier (1841) , recognizing a true gradient of forms and indumenta between subsp. virens-vestita-glacialis, explicitly said his name S. glacialis was reserved for the extremely silvery forms: "et la variété vestita qui est d'autant plus velue qu'elle habite des stations plus élevées. Lorsqu'elle est toute couverte d'un épais duvet de poils argentés on la prendrait pour une espèce distincte, et c'est en cet état que je l'avais d'abord décrite sous le nom de S. glacialis". In this case, a more extreme specimen among the syntypes would have been a better choice; but a careful examination of the syntypes reveals that the extreme forms, which are relatively scarce in the Sierra Nevada (restricted to the highest summits, such as Mulhacén) are not represented among his extant herbarium specimens.
Subspecies virens was collected for the first time also by Boissier, on limestone, in The fourth taxon (subsp. fontqueriana) remained unknown for about another century, until the exploration made by Font Quer of the Sierra de Gúdar (Province of Teruel), in July 1946, discovered these plants on El Collado de la Gitana at 2000 m. The epithet pulvinata was given to the specimens distributed under no. 268, but, unfortunately, the diagnosis was left for Font Quer to undertake in a future paper that was never published. This subspecies appears similar to the type subspecies in the main structure corresponding to similar habitats, but in the type of hair covering it is more similar to subspecies virens.
Related taxa
Some taxa endemic to the oromediterranean belt of the high Spanish mountains have sometimes been referred to as being linked to S. glacialis. For instance, some authors have confused or synonymized S. carbonellis Socorro (Boucher, 1982) (Rivera et al., 1990 , Obón & Rivera, 1994 , because of the nature of the hair covering at the base of their shoots, which is fundamentally goniotrichous with only a slight tendency to become holotrichous and composed of shorter and more robust trichomes. Specimens from El Almadén (Sierra Mágina, Jaén Province), collected at 1800 m, have been named by Cuatrecasas (1930) S. glacialis forma hispanica (Font Quer) Cuatrecasas, but properly also belong to subsection Hyssopifolia (Rivera et al., 1990 , Obón & Rivera, 1994 .
Sideritis glacialis is included in subsection Fruticulosae Obón & D. Rivera because of its hair covering at the base of the branchlet, always typically holotrichous and composed of extremely long and thin trichomes. The type of hairs is also different. Subsection Hyssopifolia is characterized by broadly antrorse cylindrical hairs, with the apical cell conical, whereas subsection Fruticulosae shows characteristic adpressed hairs with an apical cell longer and band-shaped.
Other taxa, like S. fruticulosae Pourret, S. subspinosa Cav., S. spinulosa Barnadés ex Asso, and S. jahandiezii Font Quer are included within subsection Fruticulosae because of their common type of hair covering. The macromorphology also reveals similarities with S. glacialis, but their floral morphology and inflorescences are quite different.
Infraspecific variability
Within Sideritis glacialis has been found a complex of variants showing a geographically or ecologically directed pattern. Obón & Rivera (1994) interpreted this complex in the sense of four subspecies belonging to a single species. Other authors, such as Prof. Rivas Martinez (pers. comm.), have suggested a more analytical approach concerning far distant populations geographically or ecologically isolated from the main group of the top of Sierra Nevada mountains (e.g. plants living in Gúdar (Teruel) or plants growing on dolomite in the lower mountain range of Sierra Nevada). A similar approach was adopted by Peris et al. (1994) for their Sideritis boissieriana.
Herbarium specimens covering the whole range of described variability were examined and analysed for 101 characters. In total, 56 different cluster analyses were performed using program NCLAS (Podani, 1990) . The operative units adopted for this analysis were the four subspecies recognized by Obón & Rivera (1994) and the closely related taxa S. jahandiezii and S. carbonellis.
Role and place in montane and alpine vegetation
Sideritis glacialis reaches the highest altitudes of any species in the section Sideritis, growing at an altitude of over 3000 m. It is an alpine plant in the sense of Polunin & Walters (1985) , although, when strictly defined, the vegetation of Sierra Nevada must properly be included within the range of the Mediterranean region (Martínez-Parras, Peinado & Alcaraz, 1987a, b; Pérez-Raya et al., 1990) . Amongst the four subspecies recognized, two are calcicole (subsp. fontqueriana and subsp. virens). The two other subspecies (subsp. glacialis and subsp. vestita) colonize siliceous substrates. The plant communities in which the different subspecies have been found are discussed in the following paragraphs organized into the main distribution areas.
Sierra Nevada and neighbouring mountain ranges of eastern Andalusia
(a) Sideritido-Arenarietum pungentis (Quezel, 1953 ) (viz. Losa et al., 1986 which is a plant community dominated by thorny cushion-shaped species such as Arenaria pungens Clemente ex Lag., Astragalus sempervirens subsp. nevadensis (Boiss.) P. Monts. or Hormathophylla spinosa (L.) Küpfer, living in the stony places of the upper oromediterranean and lower crioromediterranean belts. The presence of bases in the soil is taken as a characteristic for this community. These bases are derived from the underlying ultrabasic schists, or also are imported by the winds from the neighbouring limestone and dolomite (Losa et al., 1986) . The influence of strong winds is another factor which has been invoked to explain the dominant shape of this community, which is also influenced by grazing pressure.
(b) Astragalo boissierii-Festucetum hystricis (Quézel, 1953) . Colonizes calcareous and dolomitic stony places in upper levels of the supramediterranean belt and the lower horizon of the oromediterranean belt, which is an open community rich in thorny cushion-shaped plants e.g. Vella spinosa Boiss., Erinacea anthyllis Link, Bupleurum spinosum Gouan, Hormathophylla spinosa (L.) Küpfer, etc. (Table 2 , columns 3 and 4) (also Molero & Pérez-Raya, 1987 .
(c) Arenario imbricatae-Festucetum indigestae (Rivas Martínez, 1965) (viz. also Losa et al., 1986) , which is a secondary sclerophyllous discontinuous 'tomillar'-grassland community developed in Sierra Nevada after clearance of the procumbent xerophytic 'piornal-enebral'. This widespread in burned zones. This grassland is characterized by the presence of Festuca indigesta Boiss. and Thymus serpylloides Bory, on siliceous substrates of the oromediterranean belt (Table 2 , columns 5 and 6).
(d) Festucetum pseudoeskio-baeticae (Quézel, 1953) . Grasslands of the upper oromediterranean and crioromediterranean belts which colonize sunny pronounced slopes exposed to very strong winds, on stony siliceous substrates (Table 2 , column 8).
(e) Festucetum clementei-Erigerontetum frigidi (Quézel, 1953) . Open grassland with a coverage of below 25% which is the potential plant community of the crioromediterranean belt in Sierra Nevada. It is hardy, enduring being submerged in snow for a long time and being buffetted by strong winds (Table 2, column 7). 
Mountains of Gúdar (Teruel) (a) Sideritido glacialis-Arenarietum erinaceae
variants relatively coherent within each one, and separated from each other by gaps, defined here in the sense not of an absolute lack of intermediate individuals but in terms of a lower frequency of these. In their neighbouring zones, the subspecies growing on the Sierra Nevada overlap in their distribution, and can be found relatively close also to each other. The synthetic viewpoint appeals to us as an alternative approach to the taxonomy of this group but, following this second path, new problems have arisen because of the high morphological and ecological heterogeneity within the S. glacialis aggregate. How long the variants respond to environmental factors or grazing pressures acting on the phenotype is probably a nontaxonomic question, because these factors have been constant and uniformly acting over these populations in a differentiating way. These forms are more or less fixed, ecologically, if not genetically, and the taxa are then described on a factual basis over in state of balance.
According to Fernández-Peralta (1981) the chromosome number characteristic of S. glacialis subsp. glacialis, n=17, is the upper disploid level of the series composed by the Section Sideritis. This level corresponds to taxa living in high mountain habitats like S. glacialis, S. stachydioides Willk., or S. pyrenaica Poiret and to others living at a low altitude but extremely isolated within the systematics of this section, like S. glauca Cav. or S. lacaitae Font Quer.
The similarities in the type of hair covering between subspecies virens and fontqueriana could be interpreted in the sense of a common ancestor. The influence of the strong winds, drought, etc. could have conditioned the actual cushion-shape of subsp. fontqueriana while subsp. virens remained tall and erect under less severe environmental restrictions; both subspecies are calcicole. Within the Sideritis glacialis complex found in Sierra Nevada, subsp. virens with a less specialized type of hair covering and structure could be interpreted as more primitive than subsp. vestita and subsp. glacialis, which evolved colonizing the high mountain habitats after the uplift of the Sierra Nevada.
Most of the taxa included in section Sideritis are calcicoles; only some, supposedly highly evolved (according to their chromosome number and morphology), can grow on siliceous soils. The ability to colonize this kind of soil can be interpreted as an evolved state, and hence invoked for sustaining the evolved character of subsp. vestita and subsp. glacialis in relation to the primitiveness of subspecies virens growing on dolomite. Subsp. vestita can be found both on calcareous or siliceous substrates, while subsp. glacialis exclusively occurs on siliceous soils.
Alternatively this variability may be interpreted in the sense of an ecologically determined clinal variation between two extreme forms: Sideritis carbonellis (calcicole, lower altitude) and Sideritis glacialis subsp. glacialis (silicicole, higher altitude). Figure  1 displays a summary of the results of 56 different cluster analyses performed by the program NCLAS (Podani, 1991) taking into consideration 101 morphological characters (those used in the description of taxa) and six OTUs. The Syn-Tax package, version 5.0, was employed for comparison (Podani, 1991) ; (UPGMA) average linkage and complete linkage were calculated. Hierarchical classification was generated using combined agglomerative methods characterized by the recurrence formula as follows:
hj |, where d h,ij is the new distance value between cluster C h and cluster C ij , obtained from the fusion of C i and C j . As recommended by Podani (1991) the data set was analysed using more than two options. These included calculated complete linkage (farthest neighbour, euclidean distance) (CL) and unweighted group average (average, euclidean distance) (UPGMA).
The cluster showing the close relation between S. carbonellis to S. glacialis subspecies may point towards the hybrid origin of subps. virens and subsp. vestita. This hybrid swarm thus may be relatively old. In this case the parent species are at present becoming diffuse and scarce. S. carbonellis is actually absent from Sierra Nevada (restricted to Sierra de la Sagra Type locality. Sous-arbrisseau tortueux et appliqué contre le sol, s'élevant jusqu'à plus de 9000′ (feet=3000 m) sur les pentes stériles de la Sierra-Nevada.
Typification. Lectotypified by Burdet, H.M., A. Charpin, & F. Jacquemoud, Candollea, 42: 118 (1987) in the herbarium G-BOISS. by the specimen on the left lower corner Amo, Fl. fan. Penins. Iberica, 3: 191, 1872. (Superfluous, Art. 63.1 ICBN).
  woody, persistent, cushion-shaped; to 15 cm, including branches. Non-woody branches ascending to 10 cm. Hair covering at the base of branchlets holotrichous and heterotrichous. Glands very scarce, glandular hairs lacking. Trichomes abundant, antrorse, 1.5-2 mm, with three cells cylindrical, apical cell bandshaped to conical.  , 5-10×1-2 mm, entire (sometimes with scarce minute teeth concealed by the hair covering), lanceolate to spathulate, apiculate. Glands very scarce, glandular hairs absent, trichomes abundant, not differentiated at the margin, 1.8-2.2 mm; upper leaves similar to lower.  yellowwhitish at the corners of axis, bracts and calyces; ovoid to globose, 5-20 mm, with 2-4 verticillasters, the central 4-10 mm apart.   erecto-patent to patent, ovate, widest zone 1/2-1/3 from the base, divided to 1/4, 4-6×5-7 mm, with 3-4 teeth at each side; middle bracts erecto-patent to patent, ovate, widest zone 1/2-1/ 3 from the base, 1/3 divided, 4-5×6 mm, 3-5 teeth on each side. Abaxial surface with glands, scarce to very scarce, glandular hairs scarce, long with tiny glands, trichomes abundant, 2-3 mm, with 3-4 cylindrical cells, apical cell conical to bandshaped.  with six flowers.  campanulate, 6-7 mm, with five subequal divergent teeth, 1-2 mm, ending in spines 1 mm. Carpostegium discontinuous. Outer surface of calyx: glands scarce to very scarce, glandular hairs absent to very scarce, with tiny glands, trichomes scarce to abundant, 1-2 mm.  8-10 mm, 2-lipped for 1/2-1/3 of their length, yellow. Stamens included in the corolla tube, filaments 0.8-1 mm. Style up to 2 mm.  ovoid, 1-1.5 mm.
Distribution. Upper zones of Sierra Nevada (Granada, Spain), 2700-3100 m. Oromediterranean and crioromediterranean belts.
Phenology. Flowering in late July and August. Seeds maturing in August.
Habitat. High mountain rocks, screes. In Sideritido-Arenarietum pungentis Quézel, 1953 ; also in the grasslands of Festucetum pseudoeskio-baeticae Quézel, 1953 and Festucetum clementei-Erigerontetum frigidi Quézel, 1953 . Extremely silvery specimens of the type subspecies have been found living in Violo nevadensis-Linarietum glacialis Quézel (1953) (Pérez-Raya, pers. comm.) . This is a crioromediterranean pioneering community living on mobile stony substrates at the summits of the Veleta and Mulhacén (Losa et al., 1986) .
to three of the four subspecies recognized here are included, although they were probably collected from various localities in the Sierra Nevada, and were labelled with the sole locality name of 'Panderón, etc.'. Each specimen should be examined separately and a final ascription carefully checked against the keys given here.   woody, persistent and decumbent to erect; to 25 cm, including branches. Non woody branches ascending to 20 cm. Hair covering at the base of branchlets holotrichous and heterotrichous; glands scarce to very scarce, glandular hairs very scarce, with tiny glands, trichomes scarce to very scarce, antrorse, 10-15 mm, with 3-4 cells cylindrical, apical cell conical to band-shaped.  , 5-15×2-4 mm, toothed or serrulate, lanceolate to linear spathulate, sometimes ovate, apiculate or spinescent; glands very scarce, glandular hairs very scarce, with tiny glands, trichomes scarce, more or less differentiated in the margin, 1.5-2 mm; upper leaves similar or narrower than lower.  yellowishgreen at the corners of the axis, bracts and calyces, cylindrical, 1-4 cm, with 2-4 verticillasters, the central 4-9 mm apart.   bent downward, ovate, widest zone 1/2-1/3 from the base, divided to 1/2-1/3, 7-10 mm×7-10 mm, 3-5 teeth on each side; middle bracts patent, ovate, widest zone 1/2-1/3 from the base, divided to 1/2-1/3, 5-6 mm×8-11 mm, 3-5 teeth on each side. Abaxial surface with extremely scarce glands; glandular hairs scarce, with tiny glands, trichomes scarce, 10-14 mm, with three cylindrical cells, apical cell band-shaped to conical.  with six flowers.  campanulate, 6-7 mm, with five subequal divergent teeth, 1-2 mm, ending in spines 0.5-1 mm. Carpostegium discontinuous. In the external surface of calyx: glands very scarce, glandular hairs very scarce, with tiny glands and abundant trichomes, 1-1.5 mm.  10-11 mm, 2-lipped for 1/3-1/4 of their length, yellow. Stamens included in the corolla tube, filaments 3 mm. Style up to 1 mm.  ovoid, 1.5 mm.
Sideritis glacialis
Distribution. Mountains of southern Spain (Provinces of Málaga, Granada, Almería): Sierra de Tejeda, Sierra Nevada, Sierra de Baza, Sierra de Gádor. 2000-2800 m. Oromediterranean.
Phenology. Flowering in July and early August. Seeds maturing in early August.
Habitat. High mountain rocks, screes. In the lower limit of Sideritido-Arenarietum pungentis Quézel, 1753 . High mountain grasslands. In Arenario imbricatae-Festucetum indigestae Rivas-Martínez (1965   woody, persistent, erect; to 40 cm, including branches. Non woody branches erect to 25 cm. Hair covering at the base of branchlets holotrichous and heterotrichous. Glands extremely scarce, glandular hairs scarce to extremely scarce, with tiny glands, trichomes scarce to extremely scarce, antrorse, 1-1.2 mm, with 2-3 cells cylindrical, the apical cell is band-shaped.   10-17×2-3 mm, entire to toothed, linear-spathulate to lanceolate, obtuse; glands extremely scarce, glandular hairs extremely scarce, with tiny glands, trichomes scarce to extremely scarce, neatly differentiated in the margin, 1-1.2 mm. Upper leaves narrower than lower.  greenish to yellowish at the corners of the axis, bracts & calyces, attenuate, 1.5-4.5 cm, with 2-4 verticillasters, the central pair 7-9 mm distant.   patent, ovate, widest zone 1/3 from the base, divided for 1/ 2-1/3, 5-7×7-9 mm, 2-3 teeth on each side; middle bracts patent, ovate, widest zone 1/3 from the base, divided to 1/3, 6-7×9-10 mm, 4-6 teeth on each side. Abaxial surface with: glands extremely scarce, glandular hairs extremely scarce, with tiny glands, trichomes scarce, 7-12 mm, with three cylindrical cells, apical cell bandshaped to conical.  with six flowers. Bracteoles absent.  campanulate, 8-9 mm, with five subequal divergent teeth, 2-3 mm, ending in spines 1 mm. Carpostegium discontinuous. Outer surface of calyx: glands scarce to extremely scarce; glandular hairs scarce to extremely scarce, with tiny glands; trichomes abundant, 1.5 mm.  9-11 mm, 2-lipped for 1/2-1/3 of their length, yellow. Stamens included in the corolla tube, filaments 1 mm. Style up to 4 mm.  ovoid, 1.5 mm. study. Acknowledgement is also made to the curators of the herbaria BM, CGE, COI, G, GH, GDA, HAH, K, LY, MA, MAF, MGC, MUB, P, TL, and to Mr R. Auriault for similar help. We are indebted to the referees and editors for their comments and detailed revision of our manuscript.
